Abstract. A possibility of applying 2MASS J, H, K s , IPHAS r, i and MegaCam u, g photometry of red giants for determining distances to dark clouds is investigated. Red clump giants with a small admixture of G5-K1 and M2-M3 stars of the giant branch can be isolated and used in determining distances to separate clouds or spiral arms. Interstellar extinctions of background red giants can be also used for mapping dust surface density in the cloud.
INTRODUCTION
The determination of distances to dust and molecular clouds still remains a problem. One of the most popular methods in use is based on the extinction vs. distance plot -at the cloud distance, a steep rise in extinction takes place. The input observational data on stars, necessary for applying the method, are the apparent magnitudes and color indices (usually V and B-V ), and two-dimensional spectral types (usually in the MK system) which are used to estimate of intrinsic color indices and absolute magnitudes. Magnitudes and color indices can be taken from observations in any photometric system, for example, in the system of the near infrared 2MASS survey (K s magnitudes and H-K s color indices). Twodimensional spectral types of stars can be determined either by classification of their spectra or by applying interstellar reddening-free quantities in one of multicolor photometric systems, for example, in the seven-color Vilnius photometric system.
The estimation of absolute magnitudes is the weakest point of the method. The absolute errors of M V estimated from MK spectra can be as large as ± 0.5 mag, and this leads to the distance errors from -20 % to +26 %. For supergiants, the absolute error of M V can reach even ± 1.0 mag. Therefore, for more accurate distance determination a statistically significant number of stars is essential.
In the case of clouds located at distances > 1 kpc, two-dimensional classification of stars is complicated due to faintness of field stars, located at the cloud distance or in its background, especially in the blue spectral range. Multicolor photometric systems, such as the Vilnius system (Straižys 1992) , provide a means to classify stars using the interstellar reddening-free Q parameters, and they are able to reach much fainter and more distant stars than in the case of spectral classification. However, their usefulness declines when heavy interstellar extinction is present.
In such a case, near-infrared photometry is more favorable. 2MASS photometry in the J, H and K s passbands (at 1.24, 1.66 and 2.16 µm) provides an effective tool for penetrating to distant sites of the Galaxy, hidden behind dense dust clouds. However, in the case of heavy and variable interstellar reddening, two-dimensional classification of stars using the infrared colors becomes impossible. For example, the sequences of stars of different luminosities in the two-color diagram J-H vs. H-K s overlap even in the absence of interstellar reddening. The shift of stars along reddening lines complicates the situation even more.
Fortunately, in some of the cases, even near infrared photometry may be helpful. With a certain degree of confidence the use of interstellar reddening-free parameters Q JHK enables us to identify K-type giants, AGB stars, OB stars and young stellar objects (YSOs) even at extremely large interstellar reddening (see Comeron & Pasquali 2005; Straižys & Laugalys 2007 , 2008a ,b,c, Straižys et al. 2008 . Since this identification is not always single-valued, color indices or magnitudes, measured in other photometric passbands, could give the missing information in some cases.
For the determination of extinction and distance from J, H, K s photometry we need to have a type of stars which is easily recognizable in the presence of heavy and variable interstellar reddening as only in such case one can estimate intrinsic colors and absolute magnitudes of individual stars. Such stars, shown to be extremely useful for the extinction investigation up to great distances, are red clump giants (hereafter RCGs) -stars in the post-helium-flash evolutionary stage, analogues of horizontal-branch stars of Population II. According to our previous investigation (Straižys & Lazauskaitė 2009) , their mean intrinsic color indices are: J-H = 0.46 and H-K s = 0.09.
Although spectral types of RCG stars are in the range from G8 III to K2 III, their absolute magnitudes in the K s passband, M Ks , show a surprising uniformity. Using the Hipparcos parallaxes, Alves (2000) has found that RCGs show a very small dispersion of absolute magnitudes in the K passband, M K = -1.61 ± 0.03 mag, without dependence on small differences in the temperature and metallicity. Later on, a similar conclusion was reached by Grocholski & Sarajedini (2002) who obtained for RCGs in open clusters M K = -1.62 ± 0.21 mag. These stars would be perfect distance and reddening indicators if we were able to identify them among thousands of stars with various spectral types and reddenings.
In the paper Straižys & Laugalys (2008c) we concluded that RCGs, intermingled with cooler stars of the giant sequence, are especially useful for the determination of slopes of interstellar reddening lines in the J-H vs. H-K s diagram. In the present paper we investigate a possibility of isolating RCGs from other K-M III stars and using them for the cloud distance determination. We apply our method to the region near the Galactic plane, which includes the North America and Pelican nebulae (hereafter NAP) and the dark cloud between them. In this region, deep photometry is available in several broad-band systems: the 2MASS J,H,K s system, the IPHAS r,i system and the MegaCam u,g system. 
THE AREA IN CYGNUS
The selected 1
• × 1 • area in the NAP complex with the center at RA (J2000) = 20h57m, DEC (J2000) = +43
• 45 ′ is shown in Figure 1 . It covers the southern part of the dark cloud LDN 935 (Lynds 1962) = TGU 497 (Dobashi et al. 2005) , including the Gulf of Mexico, the 'coastal' areas around the Gulf, the Florida peninsula and the dark cloud up to the Pelican beak. The choice of this area was predetermined by the availability in it of deep photometry in the u and g passbands, obtained with the MegaCam mosaic CCD camera on CFHT (Gwyn 2008; MegaPipe 2009 ). The u and g filters of the MegaCam are similar, but not identical, to the Sloan Digital Sky Survey (SDSS) filters. The SDSS filter u has a 'red leak' at 710 nm, which precludes from applying the u-g index for intrinsically red and heavily reddened stars (Covey et al. 2007 ). In the u filter of MegaCam the red leak is absent. The limiting u magnitude of the MegaCam catalog with an accuracy of < 0.1 mag is about 22.5. The r and i magnitudes were taken from the INT Photometric Hα Survey (IPHAS) since the original SDSS photometry in the whole area is not available. This survey covers the northern Milky Way between Galactic longitudes 30-220
• and latitudes ± 5
• (Drew et al. 2005) . The objects are measured in two broadband filters, r ′ and i ′ , and one narrow-band filter placed on Hα. The r ′ and i ′ filters are similar to those of the SDSS u ′ , g ′ , r ′ , i ′ , z ′ system, their mean wavelengths are at 624 nm and 774 nm. For simplicity, in this paper we will omit the 'prime' designations of the IPHAS magnitudes.
To define the identification criteria of RCG stars we investigated their location in the J-H vs. H-K s and u-g vs. r-i diagrams with respect to the sequences of luminosity V and III stars (main-sequence stars and giants) in the presence of considerable and variable interstellar reddening.
3. RED CLUMP GIANTS IN THE J-H, H-K s DIAGRAM Figure 2 shows the intrinsic sequences of luminosity V and III stars in the 2MASS J-H vs. H-K s diagram according to Straižys & Lazauskaitė (2009) Figure 1 in grey) is drawn with a 0.2 mag width (in H-K s ). It covers the main sequence in the G2-M2 range and the giant branch in the G5-M5 range. Luminosity class IV stars (subgiants) of spectral types G5-K2 IV should also fall within the same strip.
Since G5-M dwarfs are absolutely faint, they are not seen at large distances. Contamination of the RCG strip from such stars can be eliminated easily by setting an apparent magnitude limit in the K s vs. H-K s (magnitude-color) diagram.
However, contamination of the RCG strip by cooler giants is a serious problem. The giant sequence stars from K3 III to M5 III have more negative M Ks magnitudes than RCGs, thus they are apparently brighter and are visible at larger distances. Although the space density of RCGs outnumbers considerably that of K3-M5 III stars (Perryman et al. 1995 (Perryman et al. , 1997 Alves 2000) , the surface density of the latter is quite high. Also, in the J-H vs. H-K s diagram the RCGs are mixed with giants of spectral types G5-K2 III which in the HR diagram are on the ascending giant branch, i.e., burning hydrogen in a shell around the helium core. However, their luminosities in the K s passband do not differ considerably from those of RCGs, and their presence in the sample does not distort the dependence of the extinction on distance. Hereafter, for simplicity, we will call all these stars as RCGs.
Consequently, the main problem is the isolation of RCGs (together with the intervening G5-K2 giants of the ascending branch) from cooler stars of the red giant sequence, since J, H, K photometry alone cannot help much. We have to address the passbands of other photometric systems. Since we are usually dealing with faint stars, broad-band systems are preferable.
SYNTHETIC COLORS IN THE u, g, r, i SYSTEM
For the separation of RCGs from cooler giants we have applied the u-g vs. r-i diagram where u and g are from the MegaCam and r and i are from the IPHAS surveys. Intrinsic color indices u-g and r-i for the main-sequence stars, red giants and F-G-K subdwarfs were calculated by the equation:
where F (λ) are the flux distribution functions of stars in energy units for the unit wavelength intervals, τ x (λ) is the transmittance function of x units of interstellar dust (from Straižys 1992), R 1 (λ) and R 2 (λ) are the response-to-energy functions of passbands 1 and 2. The value of constant makes all color indices of A0 V star to be zeros. Spectral energy distributions for stars of luminosities V and III were taken from Sviderskienė (1988) and for F-G-K subdwarfs from Sviderskienė (1992) .
Color indices can be used to calculate interstellar reddening-free Q-parameters:
here
The response-to-energy functions, R (λ), for the r and i filters in the IPHAS system were obtained by the equation:
where f (λ) are relative filter transmittances and QE (λ) is the quantum efficiency function of a CCD camera. The filter transmittance and the quantum efficiency functions were taken from the INT WFC and IPHAS Internet sites.
1 The responseto-energy functions of the MegaCam u and g magnitudes were obtained in a similar way, but the filter transmittances and the MegaCam quantum efficiency curve were taken from the MegaCam Internet site.
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Since the observed MegaCam u and g magnitudes are in the AB magnitude system 3 , and our synthetic color indices u-g are normalized to zero for the A0 V star (Vega), we have corrected the synthetic indices by adding a constant of 0.438 mag. The r-i synthetic color indices were used unchanged since the observed IPHAS r and i magnitudes use the Vega-based zero-point. The g-r synthetic color indices have mixed zero-point systems -they were corrected by subtracting 0.09 mag. The values of the corrections were taken from the MegaCam Internet site. The accepted values of the intrinsic color indices u-g, g-r and r-i are listed in Table 1 .
The slopes of reddening lines in the diagram u-g vs. r-i depend slightly on spectral type. For early K-giants the ratio E u−g /E r−i is ∼ 1.50, for late K-and early M-giants it is ∼ 1.45. The ratios E g−r /E r−i are 1.40 and 1.35, respectively.
The schematic u-g vs. r-i diagram is shown in Figure 3 . The sequences for M-type stars of luminosity V and III classes are slightly smoothed. The exact Table 1 . The synthetic intrinsic color indices u-g, g-r and r-i accepted for luminosity V and III stars and F-G subdwarfs. Zero-points of color indices u-g are in the MegaCam AB system, of r-i in the IPHAS Vega system and of g-r in the mixed system (see the text).
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the boundary values are 0.68 and 0.98. We accept that with the increase of interstellar reddening RCGs move upward and right along this strip. The strip extends over the main-sequence stars of spectral classes K0-M1 and crosses the giant branch at ∼ M3 III. This means that this diagram alone cannot isolate RCGs and intervening stars of spectral classes G5-K1 of the giant sequence.
In an attempt to identify RCGs, we decided to combine the J-H vs. H-K s (Figure 2 ) and u-g vs. r-i (Figure 3 ) diagrams. But first we have to identify the main features seen in the observed diagrams of the NAP field.
THE OBSERVED u-g, r-i DIAGRAM
In the NAP field shown in Figure 1 we identified about 2500 stars having measurements in the MegaCam u and g, the IPHAS r and i and the 2MASS J, H, K s magnitudes. The magnitudes u, g, r, i were taken up to an accuracy of 0.1 mag, while for the 2MASS magnitudes the accuracy limit was 0.05 mag. Figure 4 shows the u-g vs. r-i diagram for the selected sample together with the sequences of luminosity V and III stars and the interstellar reddening vector.
The distribution of stars in this diagram is the combined result of real distribution of stars on the intrinsic sequences of different luminosity classes, different shifts of stars along their reddening lines, and the limiting magnitudes both at the bright and faint ends of different passbands. Limiting magnitudes depend not only on the exposure lengths but also on the temperature, luminosity and interstellar reddening. At the faint end the limiting magnitude is defined mainly by the signal-to-noise (S/N) ratio and the accepted accuracy limit, at the bright end it is defined by the saturation of images in CCD detectors. Among the four passbands Fig. 3 . The u-g vs. r-i diagram with the intrinsic main sequence (MS, brown belt), the giant branch (GB, orange belt), the locus of red clump giants (RCG, white circle) and the sequence of F-G subdwarfs (sdF-G, green strip). Two parallel broken lines mark the boundaries of the grey strip in which RCGs with different interstellar reddenings should be located. The length of the reddening vector corresponds to AV = 2 mag. used ( Figure 4 ) the worst S/N ratio is for the u magnitude since in the ultraviolet the CCD+filter sensitivity is the lowest and in this spectral region cool and heavily reddened stars (which are the objects of our interest) are quite faint. Figure 5 shows the distribution of stars in our sample with respect to magnitude in the four passbands. The faintest limiting magnitudes are close to u = 22, g = 20, r = 18 and i = 16.5. The brightest end for u and g magnitudes is close to 13 and for r and i close to 12. This means that in our sample all stars brighter than r = 12 are missing, and this magnitude cut eliminates from the sample some types of stars at small distances from the Sun, such as B, A and F stars up to a few hundreds of parsecs.
At first glance, we can spot in the u-g vs. r-i diagram some outstanding features. First, we see a well populated intrinsic sequence of G, K and early M dwarfs. The coolest dwarfs are absolutely faint, especially in the ultraviolet, and they are rare in the selected sample. The stars of spectral classes B, A and F are absent on the intrinsic main sequence since they are too bright in u and g. The stars of latest B subclasses and of all A subclasses form a rich-populated sequence with different reddenings which extends from r-i = 0.4 to 1.5 or even farther to the red. Due to their high luminosity and relatively high space density these stars are seen at large distances. Except for A-type stars, whose intrinsic sequence runs almost along the reddening line, the sequence of reddened stars should also contain F-type stars, but due to their lower luminosity they are expected to be numerous only at small distances and reddenings. The second rich sequence, running more or less in parallel with the sequence of A stars and lying above it, corresponds to K-M giants, including RCGs -it extends from r-i = 0.5 to ∼ 2.0. This sequence is broader since the intrinsic line of red giants runs at a considerable angle with respect to the direction of reddening lines. The sequence includes a sample of stars shown as red crosses. At present it is sufficient to say that these stars are supposed RCGs. For the procedure of their identification see Section 7.
The next feature seen in the u-g vs. r-i diagram is the strip of possible F-G metal-deficient dwarfs (subdwarfs) at r-i = 0.35. Most of them should be located in front of the NAP complex and therefore have low reddenings. In the same region of the diagram and farther to the right we could find also reddened B-type stars of early subclasses, if such were present in the sample. However, it is easy to separate reddened B stars from unreddened F-G subdwarfs in the J-H vs. H-K s diagram. None star located in this strip has been found to be a reddened B star.
THE OBSERVED J-H vs. H-K s DIAGRAM
The J-H vs. H-K s diagram for the same list of stars is plotted in Figure 6 . The stars lower than J-H < 0.2 are absent due to the saturation effect in the u and partly g images of the MegaCam system. At larger values of J-H crowding of stars and ovelapping of the reddened sequences is much larger than it was observed in the u-g vs. r-i diagram. Comparing Figures 6 and 2 , we can identify some of the features seen in the u-g vs. r-i diagram. The sequence of unreddened G dwarfs is seen only from J-H = 0.25 to 0.4 (G0-K0 V). K-and M-dwarfs are completely overlapped with giants. The largest concentration of reddened A stars is moved onto the M-dwarf sequence and to both sides of it. The sequence of reddened K-M giants is seen more distinctly, being narrower than in the u-g vs. r-i diagram. However, as it is evident from Figure 2 , K and M giants of different reddenings, including RCGs (shown as red crosses), overlap each other.
In Figure 6 there are seen two groups of 44 dots deviating considerably to the right of the described sequences, and having Q JHKs between -0.2 and -0.8. This is a typical domain of pre-main-sequence stars (PMSs or YSOs) where Herbig Ae/Be and T Tauri stars are located (see Figures 5 and 6 in Corbally et al. 2009 ). T Tauri stars can be present only in the upper group with J-H > 0.9 and H-K s > 0.6. Two of them are known T Tauri stars, V 1539 Cyg and V 521 Cyg. The lower group of points probably contains massive YSOs of Herbig Ae/Be type. Some heavily reddened Herbig stars can be also present in the upper group. However, we do not exclude the possibility that some of these objects can be AGB stars, point-like galaxies or quasars.
ISOLATION OF RED CLUMP GIANTS
For the isolation of RCGs (together with G5-K1 giants on the ascending branch), we adopted several conditions ensuring the exclusion of overlapping stars from other sequences.
1. In the J-H vs. H-K s diagram the requirement was set that the star must lie inside the grey strip shown in Figure 2 , outlined by the reddening lines with Q JHKs between 0.18 and 0.38.
2. In the u-g vs. r-i diagram, the requirement was set that the star must lie inside the grey strip shown in Figure 3 , outlined by the reddening lines with Q ugri between 0.68 and 0.98. This requirement separates RCG stars from giants cooler than K1. Since the strip crosses the red giant sequence at class M3, it is impossible to separate reddened RCGs from stars of types M2-M3 III.
3. Again in the J-H vs. H-K s diagram, in an attempt to exclude the main sequence stars earlier than ∼ K3 V and giants hotter than RCGs, we accepted the following two conditions: J-H > 0.46 and H-K s > 0.09. These color cuts correspond to the intrinsic colors of RCGs, and they preclude the appearance between RCGs of stars with negative color excesses.
4. Even with these four conditions met, the selected RCG sample includes an admixture of the main-sequence stars -unreddened dwarfs of types K3-M1 V and reddened dwarfs of types K0-M1 V. To exclude most of them, we added one more condition, K < 12 + 2.0 (H-K s ), specific for the NAP region. This restriction cuts the red dwarfs of types G5 V and cooler, located at and beyond the distance of the NAP complex.
Applying these conditions, we have selected a sample of 104 stars, listed in Table 2 , which are probable RCGs with an admixture of normal giant branch stars of spectral classes G5-K1 III and ∼ M3 III. In Figures 4 and 6 these stars are plotted as red crosses. All these stars lie within the grey strips shown in Figures 2  and 3 . However, within these strips we find also many unreddened and reddened main-sequence stars (and subgiants), mostly of spectral classes G8-K, which do not satisfy conditions (3) and (4). 8. THE OBSERVED g-r, r-i DIAGRAM Figure 7 shows the g-r vs. r-i diagram for the same sample of stars. The sequences of luminosity V and III stars shown in the diagram were taken from Table 1 , they correspond to the g-r index combined from two photometric systems, MegaCam and IPHAS, with different zero points. In this diagram we see the same features as in the u-g vs. r-i diagram: the unreddened main sequence of G-K-M dwarfs and the rich sequence of reddened A and F stars on the extension of the intrinsic main sequence of these spectral classes. The upper part of this sequence is overlapped by the sequence of reddened RCGs (red crosses). Above it a broad band of reddened K2-K5 giants is located.
The intrinsic sequences of M-type stars, both of dwarfs and giants, turn sharply to the right since an increase in absorption by TiO bands is strongly blocking the intensity in the r passband, thus causing g-r to decrease and r-i to increase. However, there is some disagreement between the values of the observed and synthetic g-r colors -the synthetic sequence is about 0.1 mag above the observed one. This can be caused by systematic errors either in spectral energy distributions or in the response functions of the passbands. On the other hand, the effect of systematic errors in the observed color indices cannot be excluded.
As in other two-color diagrams, in the g-r vs. r-i diagram the majority of the identified RCGs (red crosses) form a quite distinct strip along their reddening lines. At the same time, a few stars exhibit considerable deviations from the bulk of points on either side of the strip. This means that either their classification as RCGs is wrong or there are other reasons for such deviations (errors in photometry, binarity, metal-deficiency, peculiarity, etc.).
THE DEPENDENCE OF EXTINCTION ON DISTANCE
For stars in Table 2 the values of interstellar extinction and distance given in the last two columns (taking M Ks = -1.6) were calculated using the following formulae: Table 1 are shown. Red crosses denote the suspected RCGs.
A V = 8.3 A Ks .
In Figure 8 the extinctions A V are plotted against distance, together with the results obtained in the direction of LDN 935 by Laugalys et al. (2006) from Vilnius photometry. The stars with Vilnius photometry are plotted as dots, the RCGs from Table 2 in the direction of the dark cloud as open circles and in the direction of the apparently transparent parts of the area as crosses. It is evident that the values of A V determined for the newly identified RCGs are in good agreement with the results from Vilnius photometry, but extend the data to greater distances. The most distant identified RCGs are at d ≈ 5.5 kpc, i.e., they are located in the Perseus arm. Their u magnitudes are between 20 and 21, K s magnitudes are ∼ 12.5 and the A V extinctions 2.5-3.5 mag.
It should be noted, however, that the RCGs identified using the MegaCam + IPHAS data are located mostly in relatively transparent directions, so they do not give information about the extinction behind of the dust cloud LDN 935 which covers a large part of the MegaCam area. According to Cambrésy et al. (2002) , the extinction A V in the densest parts of the cloud can be as large as 35 mag or more. The limiting magnitudes in the MegaCam frames are too small to reach RCGs with A V > 6 mag. However, the extinction values up to 5 mag are met even in the apparently bright areas (for example, in Florida) and at relatively small distances (0.7-2 kpc).
Seventeen stars of Table 2 , not plotted in Figure 8 , exhibit the values of extinction A V smaller than 2.0 mag at the 2-6 kpc distances. Other stars at such distances exhibit extinction 2-3 times larger. These stars are probably misclassified as RCGs, they could infiltrate through the above conditions from other sequences due to larger observational errors, peculiarity or duplicity. Six of such stars are projected on the dark cloud and are probably G-K dwarfs or subgiants located in front of the NAP complex. In Table 2 the numbers of these stars are marked with asterisks and their extinctions and distances are not given.
DISCUSSION AND CONCLUSIONS
Combining deep photometry obtained in the J, H, K s system of the 2MASS survey, the u, g system of the MegaCam survey and the r, i system of the IPHAS survey we proposed a method how to isolate a group of stars containing the core Heburning red clump giants with an admixture of shell H-burning giants of spectral classes G5-K1 and M2-M3. To isolate RCGs the method uses five conditions which enable to reject stars of other types in the diagrams J-H vs. H-K s , u-g vs. r-i and K s vs. H-K s . Since RCGs are absolutely bright (especially in the near infrared) and have a tight range of absolute magnitudes and colors, they can be used for the investigation of interstellar extinction to large distances.
The method was applied to an area of 1 • × 1 • in the direction of the North America and Pelican (NAP) nebulae, which covers a considerable part of the dark cloud LDN 935 including the Gulf of Mexico and the 'coastal' areas around it. The identified 87 RCGs, listed in Table 2 , are to be verified in the future by spectral observations.
For the identified RCGs, the values of interstellar extinction and distances are calculated. The obtained A V vs. distance relation in the area is in agreement with that found by Laugalys et al. (2006) using the Vilnius seven-color system but is extended to larger distances. However, for the isolation of RCGs we need an ultraviolet passband, and this limits the penetration distance. Fainter stars should be measured either with longer exposures or with larger telescopes.
When the ultraviolet magnitudes are not available, we may relax the conditions and isolate RCGs together with an admixture of red giants from a wider range of spectral classes -G5 III to M3 III. In this case the J-H vs. H-K s diagram (Figure 2 ) is sufficient. The isolated star sample will be not uniform in absolute magnitudes, but the difference in the intrinsic H-K s color indices in this range of spectral classes is only 0.25 mag. At heavy interstellar reddening such a dispersion in color excesses is not critical. Consequently, background stars on the red giant sequence can be used for mapping the interstellar extinction of an isolated cloud if their number is statistically significant. This method should be more accurate than the NICE (Lada et al. 1994 ) and NICER (Lombardi & Alves 2001 ) methods which use stars of all spectral types mixed together. The main shortcoming of our method is that it requires a statistically significant number of background giants observed behind the cloud.
